Middle school (6 th -8 th grade) has been shown to be a crucial juncture for maintaining student motivation, interest and awareness in science, technology, engineering, and mathematics (STEM). Toward that end many summer informal STEM education experiences have been established for middle school students. While these experiences can be very fun and engaging for students, they often consist of prescribed experiments, projects, and investigations. Here we present a novel summer enrichment program, Everyday Engineering, which consists of both the prescribed experiments/activities and also a design project based investigation which allows the students to explore their imaginative side in the design and prototyping of an invention of their own creation.
Introduction
With the need to prepare students for the 21 st century workforce a university with a very diverse student population strives to address one of the critically important issues facing society: increasing the number of underrepresented students pursuing and completing degrees in science, technology, engineering, and mathematics (STEM) fields. Evidence within the Department of Labor reflects that fifteen of the twenty fastest growing jobs projected for 2014 require significant preparation in mathematics and science with the numbers of STEM professions expected to grow at a faster rate than those non-STEM professions [1] . Although careers in STEM provide paths out of poverty, make significant contributions to the economy, and command salaries that are higher, post-secondary enrolments in these STEM majors are only a small percentage of overall enrollments [1] .
The ability to motivate the next generation of innovators from diverse groups is important considering the number of minority students in STEM fields is increasingly disproportionate when compared with the general population. Data suggest that it is important to expose students at a young age to the STEM fields [2] . In recent years in an effort to combat the low interest in Page 26.625.2 STEM careers and increase STEM literacy, there has been increased focus on the incorporation of engineering in the K-12 curriculum [3, 4] . In the National Academies 2009 publication Engineering in K-12 Education: Understanding the Status and Improving the Prospects [5] , several examples of K-12 engineering curricula were discussed and evidence supporting the effectiveness of engineering in the K-12 setting were presented. While there have been advances in the formal education arena, informal learning settings will continue to play a crucial role in increasing youths' motivation and interest in careers in engineering and science [5] . A 2011 study by Dabney et al. found that students' participation in out-of-school-time science activities, as well as their middle school interest in science and mathematics and their gender, plays a significant role in university career interest in STEM [6] .
In a recent literature review of research in P-12 engineering education by Mendoza Diaz and Cox [7] the authors identified over 50 articles within the past decade have been published in the area of P-12 engineering education from which three thematic overarching research agendas were identified (1) pathways to increasing the number of engineers; (2) math and science achievement improvement; and (3) technological literacy improvement. Table 1 presents an overview of their findings. . There are existing one week programs and workshops, similar to the program presented in this paper, which provide middle school students with opportunities to learn about the engineering profession. Examples include the 2010 Texas A&M International University Engineering Summer Program (TAMIU ESP) in which high school and middle school students participate in a one-week workshop on the campus of TAMIU focused on science, engineering and mathematics with a directed final project presented at the end of the program [10] . The Whole-School STEM Initiative focused on sixth grade students exposure to STEM, building technical literacy, and establishing real word relevance by engaging students in cross-curricular engineering design problems and projects [11] . The Citizen Schools' used an apprenticeship model to connect middle school students with opportunities in "learning by doing" [12] exposing them to careers in STEM. Of particular interest to this research is the work by Schnittka et.al . [13] in which they ran an after school design studio program, Studio STEM, for the Boys and Girls club in south west Virginia.
Similar to the Studio STEM program [13] , the program presented in this paper, Everyday Engineering, used engineering design and information and communication technologies (ICTs). While a similar format and target audience, Everyday Engineering differed from Studio STEM in a few ways. The Everyday Engineering program was a one week all day (8:15 am -5:00 pm) summer camp on the campus of a public urban research university. For part of the day students participated in prescribed hands-on experiments and activities in bioengineering, computer science, robotics, and electrical circuits. During the second part of the program students were mentored in idea generation, research, design, and prototyping their invention. The day concluded with various indoor/outdoor free play activities. The week concluded with the students presenting their inventions (flip chart and oral) to engineering faculty, technology transfer faculty, parents and friends.
While many of the programs described above focused on components of STEM, the Everyday Engineering program is unique as it focused on a diverse array of fields in engineering as they relate to all aspects of STEM including bioengineering, computer science, robotics, and electrical circuits. Everyday Engineering was also unique in that the students were presented with the challenge of designing an invention of their own making. Thus encouraging the students to explore design topics most relevant to their own personal experience and fleshing out these ideas through team building, collaboration, and critique. Everyday Engineering engaged STEM professionals, college students, and other university professional faculty with students to provide a real world relevant experience in the STEM fields. This opportunity allowed the students to form their own opinions regarding their success in a possible STEM career.
The Everyday Engineering program gave students insight into the real world of engineering by exploring not only engineering topics in real world problems, but cross disciplinary topics including health, business and the arts. According to an article published in National Education Association (NEA) the Everyday Engineering program corresponds with the suggestions to improve student learning by doing. Middle school is a time when students have tremendous brain Page 26.625.4
growth and are moving from abstract thinking to a more concrete thinking. It is recommended that activities for students during this period should be more engaging because students are able think critically and problem solve. Through interdisciplinary activities Everyday Engineering provided opportunities for students to improve cognitive development. The curriculum was designed to allow students to see that the fields of STEM could have a positive influence in their lives.
Research to Practice
The Everyday Engineering program design was informed by the research. Two complementary theoretical frameworks, domain identification and social constructivism were used to fashion the program. In designing the evaluation the investigators were interested in two basic evaluation questions: 1. In which career/job fields (i.e. STEM, Health Sciences, and Arts) are participants of the Everyday Engineering summer enrichment program are most interested? 2. What is the satisfaction level of students with the format, instructors, and overall experience of the Everyday Engineering summer enrichment program? In this paper the curriculum, program logistics and theoretical framework of the summer program are discussed. The paper closes with conclusions, limitations of the current work, and lays the foundation for future research questions to be explored in future iterations of this program.
The Curriculum
The Everyday Engineering program described in this paper serves as a catalyst for ongoing learning taking place during the school year within the classroom. The week long informal STEM program provided students with an opportunity to discover existing and new resources which could effect change in their lives and the way they view the world through STEM. To take full advantage of the day the program was structured into two parts. The first part of the day students participated in diverse curriculum to include brief lectures with an emphasis on hands on experiments and activities. During this time students were encouraged to work in pairs. The next part of the day the students engaged in their design project concluding with a reflection and debriefing period. During the last part of the day, students participated in healthy lifestyles activities. The objectives of the program were accomplished through many features such as prescribed hands-on experiments and activities, facility tours, library visits, computer lab time, design and prototyping an invention, and project presentations. Table 2 provides an overview of the week's activities. Each aspect of the program is described in detail in the following section.
Prescribed Hands-On Experiments
Students spent half of their day conducting laboratory experiments. These laboratory activities focused on raising students' awareness of the diverse types of engineering and providing instruction on related STEM concepts. The experiments consisted of 1. Extracting DNA from fruits and vegetables 2. Lego Mindstorms Robot Challenge, and 3. Electrical Sound Effect Circuits Page 26.625.5 For the DNA Extraction experiments, students were provided with an age appropriate overview of genetics then instructed in step by step laboratory technique for extracting DNA from bananas, strawberries, peas, and kiwi. Hands on laboratory experiences are critical to the learning process and for many students this was their first wet laboratory experiment and exposure to bioengineering techniques. The class began with students working in pairs to identify phenotypic traits of their partner. Students then participated in an interactive presentation about genetic engineering and DNA. Following the presentation students discussed key laboratory safety before getting dressed in the right attire and appropriate personal safety equipment to complete the DNA extraction experiment.
For the Lego Mindstorms NXT Robot Challenge students had to construct and program a Lego Mindstorms Education NXT robot [14] that would travel a specified distance using the power and time settings of the motors, rotate through a specified angle using the power and time settings of the motors, and using the information from the previous tasks, program the robot to traverse a specified path. The students had to use robot sensors to achieve the desired end goals, including the rotation and touch sensors to control the distance that the robot traveled, track of the number Page 26.625.6
of rotations of the motor and help calculate the distance that the robot travels, and finally display information on the robot's LCD screen. The students self-selected into groups of two or three and were provided with both step by step building and programming instructions.
For the Electrical Sound Effect and Light Circuits students used the Elenco 130 in 1 Electronic Project Lab Kit. Students were provided with basic instruction in simple electrical circuit theory (i.e. device identification and operation) and construction/wiring methods. They were then allowed to choose from 15 possible sound effect circuits to build and test. Students were placed into groups of two and were given the instruction manual which provided step by step wiring and testing instructions. Simple sound effect circuits were chosen because they provided the students with a sufficiently challenging task and ample opportunity for success.
The Innovation Design Project
In typical engineering design projects students are given a design challenge along with specifications and constraints. They then follow the engineering design process to create a solution. This design challenge varied from the typical experience in that students were encouraged to think about creating an invention relevant to their life experience, research the topic and come up with potential designs that would then be presented to their peers at various stages for feedback and critique. In one week students identified an idea, researched existing and potential solutions, developed a design, built a prototype and presented their solution. The process included competencies such as ideation and brain storming, team forming and role assignment, project planning, critical thinking, evaluation and reflection, constructive critique, verbal and written skills, visual sketching, engineering design, prototyping and debugging, entrepreneurship, and innovation. The students were given the opportunity to work in a group or individually. Even if students chose to work individually, they were required to participate in the "basic engineering business principals" session describing their work in five to eight minutes leaving five minutes for question and answer. An overview of the week's activities for the invention/design project is provided in table 3.
The instructional sessions on engineering design, product innovation, researching a topic, presentation success, and intellectual property provided context to the students for each of the design innovation activities. Students were provided with a short interactive lesson/discussion on each of the topics and immediately afterwards engaged in the related activity. The engineering design session introduced the students to the engineering design process and provided a framework for them to use when designing their inventions. The product innovation session took place in the da Vinci Center which is a collaboration and celebration of the principals of the arts, design, business and engineering. The da Vinci Center is designed to help students learn and do innovation, see how things are integrated and learn to search for creative solutions to problems posed by real world clients and investors. The students were able to ask questions and explore the very center where university students engage in cross disciplinary project developing real projects for industry. This session helped frame the second day's activities and fostered more in depth and meaningful discussions around the students' inventions and allowing them to move from thinking about inventions to thinking about products for markets and customers. The research session provided guidance to the students on how to research existing and potentially relevant projects to inform their actual design. This session took place at the university library and was critical in providing the students with information on the research skills required to Page 26.625.7
complete their engineering design project. During the library visit students were taken through the steps on how to research their invention, using the questions summarized in table 4. During this time students received the instructions to move forward with their proposed invention and identified their budget limitations for materials to complete the invention prototype. The session on presentation success provided pointers on effective communication, presentation skills, explained the importance of body language, preparation and planning, organization, speech delivery, and creating interests and maintaining a relationship with the audience. The students also discussed tactics for delivering a successful pitch of their invention. The session on intellectual property garnered much engagement from the students because students received feedback from their student colleagues on their designs and learned about project cost and valuation and providing attribution to those who contributed to the design of their invention. The program concluded with formal oral presentations of the student projects. The students pitched their invention ideas through a flip chart and oral presentation to engineering faculty, technology transfer faculty, parents and friends. During this presentation students were able to receive feedback from the experts, answer questions, and reevaluate their product design.
Reflection and Debriefing
Structuring positive youth development activities can be done using the research-based Experiential Learning Model, where reflection is a major component [12] . The students of the Everyday Engineering program participated in a diverse curriculum to include brief lectures with an emphasis on hands on experiments and activities concluding with a reflection and debriefing period. This time of reflection gave students the opportunity to sit, think and share ideas. Instructors were able to observe student interactions within the program culture, answer questions and concerns and provide motivation and guidance throughout the week. The reflection period also provided instructors with time to pose focused questions and receive direct feedback from the students to better improve the program. To create an environment comfortable for sharing the very first debriefing and reflection session was an opportunity for the students to share information about themselves, their favorite teacher and why, and what they wanted to be. During the final day of camp and immediately following the engineering design presentations, the final reflection and debriefing session served as a deeper learning opportunity for the students and the instructors.
Healthy Life Styles
Childhood obesity among school age children and academic outcomes continues to be a concern and remains an epidemic in the United States [11] . Nearly one in three children in America are obese or overweight, this rises to 40% among the Hispanic and African American communities [10] . A major component of the camp was to promote healthy lifestyles and lifelong physical activity opportunities for the students participating in the camp understanding that many students today experience a lifestyle where a large percentage of their day is consumed with entertainment media [10] . Each day concluded with indoor/outdoor free play activities known as the Healthy Lifestyles in which the students would rotate through a variety of activities of their choice such as tennis, swimming and field games. The field games promoted team building activities, water relays and field sports. This session was of particular interests for the students and provided them with additional peer interaction with additional students participating in different Discovery Program camps.
Theoretical Framework

Domain Identification
Osborne and Jones [15] present five potential paths to enhancing students' identification with academics: (1) empowering students in the academic domains, (2) demonstrating the usefulness of academic domains, (3) supporting students' success in academics, (4) triggering and supporting students' interests in academics, and (5) fostering a sense of caring and belongingness in academic domains. Schnittka et al. used this framework in an informal setting to increase students' identification with engineering, science, and computer science technologies. Following the work of Schnittka et al. we also apply this framework in an informal learning setting. While Page 26.625.9
Schnittka et al. used a well-defined design challenge to facilitate students' identification with engineering, Everyday Engineering, departed slightly from this format. Using domain identification, Everyday Engineering sought to create an experience where students were personally interested in the activities; they could closely identify with and found personal relevance in the tasks presented. This was achieved by allowing students to create their own invention. There were very few limits on the scope and type of invention. As will be shown in the results section, students choose personally relevant inventions inspired by personal experiences, previously identified needs, or personal interest and hobbies. Furthermore we strived to create a safe supportive learning environment in which the students felt empowered to pursue their interests independently and believed that they would experience success in their pursuits. The latter goal was especially challenging because the ideas generated for the inventions had the potential to be extremely complicated and far reaching. However by having both prescribed experiments and the reach goal of creating an original invention, students were virtually guaranteed success in at least one, if not both areas. The experiments had a targeted ability level; however the design project could be tailored to suit the student's personal ability level. The students received feedback in regular intervals from the instructors, interns, outside observers, and fellow classmates helping ensure successful completion of the project. The facilitators and instructors made great efforts to create a caring environment where students felt safe to take risks in their design until a desired outcome was achieved.
Constructivism and Social Constructivism
As identified in Mendoza Diaz and Cox constructivism was the most prevalent theoretical framework found in their review of the P-12 engineering education literature; seven publications used constructivism. Engineering design as a student-centered, active-learning pedagogy fits well within the constructivism framework. Constructivism in an educational context which recognizes that knowledge is constructed in the mind of the learner by the learner [16] . As described by Jonassen, [17] "Constructivist learning environments: 1. Provide multiple representations of reality; 2. Represent the natural complexity of the real world through these multiple representations of reality; 3. Focus on knowledge construction, not reproduction; 4. Present authentic tasks (contextualizing rather than abstracting instruction); 5. Provide real-world, case-based learning environments, rather than pre-determined instructional sequences; 6. Foster reflective practice; 7. Enable context-and content dependent knowledge construction; 8. Support collaborative construction of knowledge through social negotiation".
Using social constructivism as a framework, Everyday Engineering instructors and interns guided students as they approached their invention development. Social constructivism implies that the knowledge building process is aided through cooperative social interactions. The instructors and interns created a "scaffold for learning" which supported the constructive learning process. The students built and expanded upon their existing knowledge and constructed higher order concepts of understanding and knowing with the support of the scaffolding established by the teachers. When appropriate the instructors and interns encouraged the students to work in groups to provide fresh ideas and feedback across teams. Instructors shared Page 26.625.10 knowledge and encouraged students to think about issues and questions pertinent to improve their everyday lives. Thus the instructors, interns and peers fostered cognitive growth and learning in the youth. The students remained actively engaged in the whole process because the ideas for the inventions were rooted in real life situations that were both interesting to the students and satisfying in terms of intrinsic interest value, attainment value, and extrinsic utility value.
Program Implementation
The Everyday Engineering program was organized by a university affiliated, donor supported, sport focused positive youth development center, the Mary and Frances Youth Center. The Mary and Frances Youth Center (MFYC) provides programming and training to enhance the life of youth in the urban metropolitan area. The MFYC has as its core values the desire to empower youth to broaden their expectations in life, inspire youth to identify and engage their talents, and support youth in strengthening their life skills. The MFYC was initially established as a sport focused youth development center, but as it matured, the MFYC began to offer academic programing in partnership with other units within and external to the university. These partnerships resulted in much broader programming including the Everyday Engineering, Killer Asteroids, Discovery Dentistry, Creative Writing Unleased, Picture Perfect Health, Art as a Story to name a few. These programs provided fun, challenging and creative explorations on a variety of in-depth experiences in Science, Technology, Engineering, Arts, Mathematics, and Health Sciences. Participants could choose a morning and afternoon class or one that met all day. Classes were taught by university faculty members, university students and local professionals in university classrooms and laboratories on either university campus. The MFYC partnered with FeedMore to provide a breakfast and lunch for each child. The healthy lifestyles portion of the camp was taught at the MFYC or the neighboring sports and recreation facility.
Everyday Engineering was developed in partnership with the Schools of Education, Engineering, and Life Sciences. Class size was limited to 16 students. A non-refundable $25 deposit was required with each registration. The full payment of $250 for a full day one week camp (less the $25 deposit) had to be submitted within 2 weeks to confirm the student's spot. A limited number of individual and partner scholarships were available. Scholarships were awarded based on need and on a first-come, first-served basis. The parent/care giver of children receiving the Individual Scholarships paid $25 for the one-week camp. The parent/care giver of children receiving the Partner Scholarships paid half of the registration fee for a one-week camp. Once a scholarship application was received, families were notified within two weeks as to the status of the application. Once a scholarship was awarded, families had two weeks to submit the remaining payment.
Sixteen middle school-aged youth enrolled in Everyday Engineering camp. Of the students eight (50%) were African American, six (38%) were White, one (6%) was Asian, and one (6%) was mixed race. Thirteen (81%) students were male and three (18%) were female. Their ages ranged from 10 to 14, with two 10 year olds, five 11 year olds, three 12 year olds, five 13 year olds, and one 14 year old. Seven rising sixth graders, one rising seventh grader, and seven rising eighth graders The two instructors and two students interns were all female. One instructor (holding a Ph.D. degree in electrical engineering) was a faculty member with a joint appointment in the Page 26.625.11
Schools of Engineering and Education. The other instructor was a post-doctoral fellow holding a Ph.D. degree in genetics, bioinformatics and computational biology. The two student interns were undergraduate students enrolled in STEM majors, one earning her associates degree from a local community college and the other enrolled at the urban university. The two instructors and one facilitator were African American, the other facilitator was Caucasian. It should be noted that interns were recruited and funded as part of an NSF Noyce Phase II Secondary Math and Science Teacher Training grant. Each student intern received the opportunity to explore a possible career in science and mathematics teaching while receiving hands on informal classroom experience with middle school students. The interns received a $500 stipend in exchange for their commitment to work for at least 40 hours during the summer internship and provide a written reflection statement at the conclusion of the Everyday Engineering program. The interns were responsible for signing each student in and escorting the students around campus. Additional intern responsibilities included supplemental instruction, laboratory support, coaching, one on one group mentoring, and classroom management. The interns received training on the experiments, creating a supportive learning environment, and scaffolding and facilitation as a form of guided inquiry.
The Everyday Engineering summer program took advantage of a variety of engineering and university facilities including, research laboratories, an undergraduate computer laboratory, an undergraduate electrical engineering laboratory, the da Vinci Center product design and innovation space, the university library and the university sports and recreation facility. 
Findings and Discussion
Kovarik et al. [9] emphasizes that student interest in science content can be promoted with strategies that utilize the real world decisions students will encounter within their everyday lives. This was observed when students were given the opportunity to select their own invention creation. Instructors and interns were able to witness the passion the students had to discuss their invention within a social context opposed to only processes and science content. Instructor observations, evaluator feedback and end-of-program evaluations were used to assess the program. As anticipated the majority of the students were very engaged in their invention creation. The potential to create something meaningful, relevant and fun inspired and motivated them. The students chose the topic, which in most cases had personal relevance to them (i.e. helping a loved one or themselves or cool toy with which they would want to play) resulting in high intrinsic and attainment value. The activities also took on a high utility value as they began to identify markets for their invention and the potential to make money at little to no personal cost to them. The list of inventions created in table 5. Students identified different motivating factors for why they created their invention. The factors ranged from personal to fun to function.
Post-program Survey
Feedback from the end of the summer program survey invited student responses to a set of questions about the program, intended for students who participated in the entire week of the program. Students were informed that the survey would be anonymous and sixteen students were invited to complete the survey, all but one student completed the survey.
The demographics of the program were diverse including homeschooled students, public and private school students, scholarship students (based upon financial need), children of faculty, children from more rural areas, and those who are students from the metropolitan area.
When students were asked on the first day of the program which career they would most likely pursue, i.e. "What do you want to be when you grow up?" student responses included scientist, engineer, architect, professional athlete, and doctor. Individual student responses are shown in table 7. While the identical question was not posed in the postprogram survey, comparable questions were asked in the post-program evaluation to give the students an opportunity to expand on their experience. At the conclusion of the program students were asked which classes they wanted more in and the survey indicated that engineering classes were the number one Professional Soccer Player and Nuclear Engineer requested class with 12 (80 %) students, while 10 (67%) students requested additional technology classes, 6 students requested additional mathematics classes, 4 (27%) students requested additional science courses, and 2 students equally requested classes in Arts (13%) and Health Science (13%) When asked what career/job they were most interested in engineering ranked highest with 10 (67%) students. An equal number students equally wanted to pursue careers in science 6(40%) and technology 6(40%). Four students (27%) were interested in a career/job in mathematics. Three students (20%) were interested in a career in Art. Among the selection of career/job options students showed the least interest in health science careers with 2(13%). It should be noted that students could choose multiple answers for this category. These results show an increase in students' interest in careers in engineering.
The student response scale (Strongly Disagree, Disagree, Agree, Strongly Agree, N/A) to measure attitudes related to the overall student experience of the Everyday Engineering program. Results are from the post program student survey see table 8. The student interns also observed the impact of the program on the children. Their observations can be summed up in the excerpt below from an intern's reflective journal: 
Conclusion
There remains a need to address and prepare youth for future careers in STEM considering there is not only a problem with the lack of proficiency in the STEM fields among American students; but there is also a lack of interest [6] . It is particularly important to pay attention to increasing STEM education for underrepresented middle school students interested in pursuing a STEM career. The Everyday Engineering program described in this paper is reaching beyond traditional learning taking place during the school year within the classroom. The week long informal STEM program provided students with an opportunity to highlight existing and new resources to effect change in their lives and the way they viewed the world through STEM.
While the sample is not large, the instructor observation, and student evaluations are overwhelmingly positive and show that a one week, interdisciplinary summer informal STEM education program can provide an educational experience which fosters with children's motivation, interest, and awareness in STEM.
Limitations and Future Work
While the initial findings of this work are positive, the researchers would like to examine more deeply the impact of such a program on student motivation interest and awareness in STEM. Without more in depth analysis and richer data sources it is difficult to determine which aspect of the program had a more significant impact on the students. In future iterations of the program, the population sample size will be increased to 20 students and a comparison between two different summer engineering programs will be conducted.
Future work will build upon the initial findings presented here. In future iterations of the camp the following research questions will be answered:
1. How does a summer enrichment program, Everyday Engineering, which consists of both the prescribed experiments/activities and a student inspired design project based investigation influence youths motivation and interest in engineering and impact their identification with engineering; and 2. How does scaffolding provided by the instructors and facilitators influence the youths' engagement in the Engineering Everyday activities and does the engagement differ between the prescribed experiments and design challenge.
Future iterations of the program will be assessed using quantitative and qualitative methods to gather data and inform conclusions. The assessment methods will be selected to help determine if program objectives are met and answer the research questions stated above. Quantitative methods will include student surveys; and questionnaires, application analyses; collection demographic data; and student attendance. Qualitative methods will include direct observations and focused questions during the discussion and reflection periods. Page 26.625.15
